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Abstract 
 Fifth-generation (5G) is a wireless connection built specifically to keep up with the rapid increase 
of devices that need a mobile internet connection. A system working on 5G band can provide higher 
bandwidth and faster data rate as compared to fourth-generation (4G) band. Thus, an antenna with higher 
gain and lower profile is required to support this system. On the other hand, the performance of circular 
polarization antenna is better than linear polarization antenna due to its ability to accept wave from 
different direction. In this project, a low-profile circular polarization folded reflectarray antenna with 
operating frequency of 28 GHz is presented. This project is divided into two parts. In the first part, a linear 
polarization folded reflectarray antenna is designed. In this second part, a meander lines polarizer is used 
to convert the linear polarization antenna to circular polarization antenna. The antenna is fed by a linear 
polarized waveguide. Each radiating element of the antenna is in rectangular shape. The size of  
the radiating elements are selected according to obtain required phase delay to form a planar phase front 
in the far-field distance. Both of the antennas are simulated by using Computer Simulation Technology 
(CST) software. Finally, the results show excellent performances with 16.81 dB directivity and 1.49 dB 
axial ratio at 28 GHz. Thus, the antenna is very suitable for 5G applications. 
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1. Introduction 
Fifth-generation (5G) wireless communication is expected to release by year 2020. As 
compared to the current generation of wireless communication, 5G wireless communication has 
significant improvement in term of the system performances [1-3]. According to International 
Telecommunication Union (ITU), 5G wireless communication should be able to provide latency 
on millisecond level, traffic volume density of 10 Tbps/km2, connection density of 1 million per 
square kilometer and so on [2-7]. Therefore, a suitable antenna with high gain, operating 
frequency and bandwidth is required in order to provide these services [8-13]. 
In this case, a circular polarization folded reflectarray antenna that can offer bigger 
bandwidth and higher gain compared to reflector and array antennas is proposed [12, 14-20]. 
The proposed antenna has reduced block effect and lower profile compared to reflectarray 
antenna. On the other hand, circular polarization antenna has some advantages over linear 
polarization antenna [21-24]. For instance, the circular polarization antenna is independent of 
the direction of wave and it has lower rain attenuation than linear polarization antenna. 
 
 
2. Design of Folded Reflectarray Antenna 
Figure 1 shows the configuration of a circular polarization folded reflectarray antenna. 
The antenna consists of four components, which are a primary source, a twist reflectarray 
reflector, a linear polarizing grid and a linear to circular polarizer. In this project, a meander lines 
polarizer is used to convert the antenna from linear polarization to circular polarization. Meander 
lines polarizer had been used in many antenna designs, thus its performance is  
guaranteed [25-32].  
In general, a linear polarization incident wave propagates from the primary source to  
the linear polarizing grid. Only the wave with E-field perpendicular to the strips of the linear 
polarizing grid can passed through the grid, otherwise the wave reflects back to the twist 
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reflectarray reflector. The array elements on the twist reflectarray reflector twist the reflected 
wave by 90°. Then, the wave reflects from the reflector to the grid. The wave can pass through 
the grid now [17].  
Table 1 shows the design specifications of the circular polarization folded reflectarray 
antenna. Copper was used to design the waveguide, while FR-4 was used to design linear 
polarizing grid, twist reflectarray reflector and meander lines polarizer. The dielectric constant of 
FR-4 is 4.3. 
 
 
 
 
Figure 1. The configuration of a circular polarization folded reflectarray antenna 
 
 
Table 1. Design Specification of Folded Reflectarray Antenna 
Parameters Specification 
Operating frequency 28 GHz 
Return loss < -10 dB 
Dimension of reflector 5𝜆 x 5𝜆 
Feeding method Rectangular waveguide 
Array element Rectangular patch with variable 
size 
Array element spacing 0.455𝜆 
Polarization Circular 
Circular polarizer Meander lines polarizer 
 
 
2.1. Primary Source 
In this design, a rectangular open-ended waveguide WR-34 is used as shown  
in Figure 2. The simulation of open-ended waveguide was carried out by using CST software. 
Table 2 shows the technical specification of WR-34 waveguide. 
 
 
 
 
Figure 2. WR-34 waveguide configuration 
Table 2. Technical specification of  
WR-34 waveguide 
Model WR-34 
Operating frequency 22-33 GHz 
Length, 𝐿𝑤𝑔 4.52 mm 
Width, 𝑊𝑤𝑔 8.84 mm 
Height, 𝐻𝑤𝑔 32.13 mm (3𝜆) 
Material Copper 
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2.2. Linear Polarizing Grid 
Table 3 shows the design specification of the linear polarizing grid. The total size of  
the linear polarizing grid is 5λ x 5λ. Figure 3 shows the front view and the side view of the linear 
polarizing grid. 
 
 
Table 3. Design specification of linear polarizing grid 
Characteristics Dimensions 
Length, L 53.55 mm (5𝜆) 
Width, W 53.55 mm (5𝜆) 
Substrate Height, ℎ2 0.30 mm 
Patch Thickness, t 0.035 mm 
Strip Width, 𝑊𝑠𝑡  0.17 mm 
Strip Periodicity, 𝑃𝑠𝑡  0.40 mm 
Material FR-4 (𝜀𝑟 = 4.3) 
 
 
 
(a) 
 
(b) 
 
Figure 3. The (a) front view and the (b) side view of the linear polarizing grid 
 
 
2.3. Twist Reflectarray Reflector 
Table 4 shows the design specification of the twist reflectarray reflector. The total size 
of the reflector is 5λ x 5λ. Figure 4 shows the front view and the side view of the twist 
reflectarray reflector. The number of array element on the reflector is 11x11 elements. 
 
 
Table 4. Design Specification of Linear Polarizing Grid 
Characteristics Dimensions 
Length, L 53.55 mm (5𝜆) 
Width, W 53.55 mm (5𝜆) 
Substrate Height, ℎ1 0.30 mm 
Patch Thickness, t 0.035 mm 
Strip Width, 𝑊𝑠𝑡  0.17 mm 
Strip Periodicity, 𝑃𝑠𝑡  0.40 mm 
Material FR-4 (𝜀𝑟 = 4.3) 
 
 
 
(a) 
 
(b) 
 
Figure 4. The (a) front view and the (b) side view of the twist reflectarray reflector 
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2.4. Meander Lines Polarizer 
Table 5 and Table 6 show the design specifications and parameters of the meander 
lines polarizer respectively. The thickness of the substrate is 1.00 mm and the total size of  
the polarizer is 5λ x 5λ. Figure 5 shows the complete configuration of the meander lines 
polarizer. All the parameters were optimized using parametric study method. Figure 6 shows  
the front view and the side view of the meander lines polarizer. 
 
 
Table 5. Design Specification of the Meander 
Lines Polarizer 
Characteristics Dimensions 
Length, L 53.55 mm (5𝜆) 
Width, W 53.55 mm (5𝜆) 
Substrate Height, ℎ4 1 mm 
Patch Thickness, t 0.035 mm 
 
Table 6. Parameters of the Meander  
Lines Polarizer 
Parameters Dimensions 
𝑆𝑚 1.805 mm 
𝑃𝑚 1.805 mm 
𝑇𝑚1 0.105 mm 
𝑇𝑚2 0.065 mm 
𝑊𝑚 1.000 mm 
 
 
 
  
 
Figure 5. The configuration of the meander lines polarizer 
 
 
 
(a) 
 
(b) 
 
Figure 6. The (a) top view and the (b) side view of the meander lines polarizer 
 
 
2.5. Circular Polarization Folded Reflectarray Antenna 
All the components are combined together to form a circular polarization folded 
reflectarray antenna. Figure 7 shows the complete configuration of the circular polarization 
folded reflectarray antenna. The model was simulated using CST software. 
 
 
 
 
Figure 7. The circular polarization folded reflectarray antenna 
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3. Results and Discussion 
Figure 8 illustrates a 3-dimensional graph to show the relationship between  
the reflection phase angle and the size of an array element. From the figure, the reflection 
phase angle of the array element is from -197.52º to 157.25º. The reflection phase angle range 
is 354.77º, which is practically enough for the design of the folded reflectarray antenna. 
 
 
 
 
Figure 8. The reflection phase angle as a function of the patches length and width 
 
 
Figure 9 shows the simulation result of the return loss of the circular polarization folded 
reflectarray antenna from 20 GHz to 36 GHz. From the graph, the circular polarization folded 
reflectarray antenna can operate from 26 GHz to 32.5 GHz. The bandwidth of this antenna is 
6.5 GHz. Figure 10 shows the radiation pattern of the circular polarization folded reflectarray 
antenna in E-plane and H-plane. The directivity of the linear polarization folded reflectarray 
antenna is 19.4 dBi. Form the graph, the direction of the main lobe of this antenna is at 0°. From 
Figure 10, the HPBW of the antenna in E-plane is 9.5°, while in H-plane is 11.7°. The radiation 
beam width of E-plane is more directive compared to H-plane. Other than that, the antenna has 
side lobe level of -12.4 dB in E-plane and -15.2 dB in H-plane. The circular polarization folded 
reflectarray antenna has excellent performances as the side lobe levels are below -10 dB in 
both E-plane and H-plane. 
 
 
 
 
Figure 9. The return loss of the circular polarization folded reflectarray antenna 
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Figure 10. The radiation patterns of the circular polarization folded reflectarray antenna 
 
 
Figure 11 shows the 3-dimension radiation pattern of the circular polarization folded 
reflectarray antenna at 28 GHz. The antenna achieves realized gain of 16.81 dB at 28 GHz. 
From section 4.2, the realized gain of the rectangular waveguide is 6.76 dB. Thus, the twist 
reflectarray reflector, the polarizing grid and the meander lines polarizer increase the gain of this 
antenna by 10.05 dB. 
 
 
 
 
Figure 11. The 3-dimension radiation pattern of the circular polarization folded reflectarray 
antenna at 28 GHz 
 
 
In order to make sure that the antenna is in circular polarization, the axial ratio of the 
antenna should be equal to or less than 3 dB. When h=5.86 mm, the axial ratio of the antenna 
at 28 GHz is 1.489 dB and the bandwidth of the antenna is 5.588 GHz. The antenna is in 
circular polarization when the frequency is in the range of 25.886 GHz to 31.474 GHz. Figure 12 
shows the relationship between axial ratio of the antenna with theta at 28 GHz. From the graph, 
the circular polarization folded reflectarray antenna has 3 dB axial beam width of 26°. 
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Figure 12. The axial ratio of circular polarization folded reflectarray antenna versus theta with  
h=5.855 mm 
 
 
4. Conclusion 
A circular polarization folded reflectarray antenna with operating frequency of 28 GHz 
was successfully designed and studied. The realized gain of the rectangular waveguide and  
the circular polarization folded reflectarray antenna are 6.76 dB and 16.81 dB respectively.  
The realized gain of the antenna is increased by 10.05 dB with present of a twist reflectarray 
reflector, a linear polarizing grid and a meander lines polarizer. For the circular polarization,  
the axial ratio is 1.489 dB at 28 GHz. This indicates that the antenna is in circular polarization at 
this frequency. In addition, the antenna shows excellent performance with side lobe level below  
-10 dB in both E-plane and H-plane. Therefore, the circular polarization folded reflectarray 
antenna is suitable for 5G applications. 
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